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Abdstract

Emisson Factor Moddls are created to permit comparison of aternative strategies for
reducing and maintaining ambient pollution levels. New vehicle certification testing methods
were developed for light-duty cars and trucksin the 1990's. The new methods provide
superior estimates of in-use evaporative emissons than those previoudy obtained. Little data
using the new methods is available for in-use heavy-duty trucks. The purpose of this sudy was
to measure evgporative emissons with alimited sample of the larger vehicles using the new
vehicle certification protocols. The resultswill be used to confirm or improve corresponding
Emisson Factor Modd inputs for this class of vehicle. Results of the testing were consistent
with results obtained from light-duty vehicles when fud tank size and vehicle age is congdered.
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Executive Summary

One of the Air Resources Board's (ARB) more important responsibilitiesis to recommend
the specific methods to be used to achieve ambient air quality Sandards. Data regarding most
ar pollution sources have been consolidated by ARB into emissons inventories and models.
These modds are used to estimate the changes in ambient pollution levels that could be
expected to result from changes in inputs to the environment. One of the largest sources of
emissonsis mobile sources, including motorcycles, cars and trucks. EMFAC 2001 isthe
current version of the modd used by ARB to estimate emissions from mobile sources.

Higtorically, heavier gasoline-powered trucks were not considered mgjor contributors to the
overd| evaporative emission inventory. Diesd powered vehicles do not contribute significantly
to the evaporative emisson inventory because of the properties of diesdl fud. The remaining
gasoline-powered heavy-duty vehicles were avery smdl fraction of the remaining fleet. With
time, however, very sgnificant improvements have been made to the evaporative emisson
performance of the light-duty fleet. In addition, the sales penetration of trucks, vans, and SUV's
has significantly increased, including those samples that cross the 8,500-pound boundary
between light and heavy-duty emission control requirements. As a consequence, the
contribution of the heavy-duty fleet has become significantly more important in relation to overdl
evaporative emissons.

The certification testing protocols used to control evaporative emissons have undergone
magor changes. These changes were implemented primarily to improve the stringency of the
evaporative emisson control sysem. As an added benefit, results of the tests using the new
protocols provide a substantialy improved measurement of actua in-use evaporative emisson
performance. This has provided the opportunity to correspondingly improve the Emisson
Factors Models.

Little data exigs regarding the in-use evaporative emissons performance of larger gasoline
powered trucks using the new testing protocols. The purpose of this project was to procure a
amall sample of in-use vehides and to perform testing on the vehicles usng the new test
procedures.

Nine vehicles were procured and tested. Basdline tests were performed on each vehicle.
Four additiona tests were performed to eva uate repeatability, the effect of temperature, and the
effect of repairs performed to the vehicles. Running Loss evaporative emissions were measured
while test vehicles were operated on a dynamometer in a sealed enclosure. Hot soak tests
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followed the Running Losstest. A twenty-four hour variable temperature diurnd test followed
the Hot Soak test.

Results were congstent with results of smilar light-duty vehicles. Age, and resulting
emission control device falures, had the greatest impact on results. Older technologies, even
when wdl maintained, do not control evaporative emissons aswell as newer technologies.
Larger fud tanks tend to result in higher evaporative emisson levels than smaller capacity tanks.
Higher temperatures result in higher evagporaive emissons.

The reaults of this program are available to EMFAC 2001 modders to confirm or improve
factors being used for the heavy-duty gasoline powered class of vehicles.



Heavy-Duty Gasoline Truck Evaporative Emissons Testing for Emissons Inventory
June 4, 2002

Introduction

Vehicle emission testing procedures and standards have continuoudy evolved since their
development in the 1960'sand 1970's. When vehicle emissons wereinitialy sampled, the
relaive contribution of trucks was smal. The much larger light-duty vehicle population
overwhemed the truck population in both number and total milestraveled. Control of the
smaller population was not given the priority the larger sources were. It was smilarly apparent
that exhaugt emission control was a much more beneficid target than evaporative emisson
control. Initid efforts focused on exhaust emissions, and were met with great success.
Continued pursuit has resulted in passenger car emissons more than afull order of magnitude
lower than basdine leves, with additiond substantia reductions being phased in with current
and near future production vehicles.

As experience was gained with vehicle emisson sources and the mechanisms available to
control them it became apparent that significant reductions in hydrocarbon emissons were
available from control of evaporative sources at areatively low cost. A god of zero emissions
from vehicle fudl evaporation was established, and the charcod vapor canister became a
universal component of light-duty vehicles sold in Cdifornia, and later the remaining United
States. The procedures used to measure evaporative emissons evolved from attaching charcod
canigters to suspected vapor sources, to a fixed temperature whole vehicle enclosure, and
currently to a variable temperature, extended time vehicle enclosure. Evaporative emissons
occurring during engine operaion (running losses) were initidly not measured, but are now
included in new vehicle emission testing required for certification.

Each of these processes resulted in mgor reductions in emissons from the light-duty flet,
making heavy-duty vehicles alarger relaive source. At the same time, the sde of heavy-duty
vehicles has increased dramaticaly, making this class of vehicle an even more important part of
the ambient ar qudity problem.

Regulators and legidators are faced with the task of selecting what methods will be used to
achieve ambient air quaity levels. Knowledge of the source of ambient pollutants is required to



make informed decisons. Detailed inventory models have been developed by ar pollution
control agencies to assist in the decison making process. Measurements of the known sources
of various pollutants have been gathered and combined into a variety of tables and computer
programs, which alow some comparison of the relative contribution of each source. One such
modd isthe Cdifornia EMFAC 2001 mode, which is used to estimate the contribution to
ambient emission levels from mobile sources. The primary source of data for the inventory
modéd is the results of the laboratory tests like those used to certify new motor vehicles. These
procedures are used to eva uate both preproduction prototypes and in-use vehicles after time.
Asadirect consequence of improvements in certification testing protocols, the qudity of the
inventory model has improved. Recent mgor changes have been made in the testing
procedures for cars and trucks, which have resulted in the potentia for substantial
improvements in the evaporative emisson inventory modd for these classes of vehicles.

Until recently, heavy-duty trucks have not enjoyed the benefits of these protocol changes.
Initidly, this class of vehicle was not consdered as sgnificant a contributor as the light-duty
vehicdle. Asemissonsfrom the higher production vehicles have dropped, the relaive
contribution of the remaining sources has increased. The number of heavy-duty vehicles
produced was initidly ardatively smdl fraction of the fleet. The Gross Vehicle Weight Reting
(GVWR) cut point between light and heavy-duty was increased from 6,000 pounds to 8,500
pounds to include vehiclesin this GVWR range in the more stringent light-duty vehicle emisson
class. Many noncommercid trucks, and now SUV's, are found with GVWR greater than 6,000
pounds. Fleet growth and demographics have changed, however. The vast mgority of 8,500+
GVWR vehiclesin the early 1960's and 70's were commercia vehicles used by businesses,
and necessary to perform their business. Emission test procedures and standards were
edtablished to equitably control these low production, primarily commercia vehicles. Emisson
standards and procedures for these vehicles have since been aigned with the light-duty class,
but it will be severd years before heavy-duty vehicles certified to the more stringent procedures
begin to dominate the in-use heavy-duty fleet.

Summarizing, initid focus was placed on reducing emissons from the largest segment of the
in-use vehicle population. A reduction in emissons from the light-duty class of vehicles has



magnified the relative emissons of larger vehicles. The entire mohile source population has
grown, increasing the number of heavy-duty vehicles. In addition, the fraction of trucksin the
new car population has grown. Thetest procedures used for what was once areldively
inggnificant fraction of the mobile source population have only been recently digned with those
used for light-duty vehicles.

The purpose of this study was to collect evaporative emissons data using the current
"enhanced" test procedures on a limited sample of vehicles from the in-use heavy-duty truck
population. The results are to be used to either vaidate or adjust the previous EMFAC 2001
emissons inventory model assumptions and extrapolations. The results may indicate the need
for additiond testing.



Materids and Methods

The mgor factors influencing evaporative emissons include the pecific vehicle samples
selected, the fud used for testing, and the specific test protocols used. Details of each of these
factors will be reviewed in this section

A. Teds Vehides

Each vehicle in this program was gasoline powered. They weretypicd of the
vehicesin the groups they represented. The test program originally specified that either
Cdiforniaor Federdly certified vehicles could be used. Thiswas later clarified to
require that the vehicles tested were to have been certified to meet Cdifornia
evaporaive emission requirements in effect at the time of manufacture.

The specific vehicles salected were further categorized with respect to technology
and GVWR cdlass. Light-duty vehicles are those with GVWR less than 8,501 pounds.
No light-duty vehicles were tested in this program. Heavy-Duty gasoline powered
vehicles are subdivided for inventory purposes into three groups: Light Heavy-Duty
Gasoline Trucks (LHDGT), Medium Heavy-Duty Gasoline Trucks (MHDGT), and
Heavy Heavy-Duty Gasoline Trucks (HHDGT). The GVW weight cutoffs for these
groups are 8,501 to 14,000 pounds for the LHDGT, 14,001 to 33,000 pounds for the
MHDGT, and 33,001 pounds for the HHDGT. As more than 99% of the HHD
(>33,000 pound) vehicles are diesdl powered, no vehicles of this category were
procured or tested for this program.

Emission regulaions, and the engine technology used to achieve the sandards, have
evolved over time. The vehicle sample tested in this program was further subdivided by
mode year groupings corresponding to different emission control standards and the
technologies used to achieve them. 1972 through 1979 vehicles were required to meet
a2.0-gram Carbon Trap test (equivaent to a6.0 gram SHED' test). 1980-1985
trucks were required to meet a 2.0-gram SHED, but were generdly carbureted.

! Sealed Housing for Evaporative Determination (SHED). Description to be discussed in test

methods section of report.



Vehicles manufactured after 1990 are generaly equipped with eectronic fud injection.
This permits superior fuel control for reduced exhaust emission and improved fuel
economy. 1986-1989 represents a transition period between carbureted and fuel
injection technologies. The vehicde sample was dratified to obtain samples from the
different subgroups asindicated in Table 1.

Table 1.
Test Fleet
Number Evaporative Emission
Of Vehicles _Class  Moded Year Fuel System Standards
1 LHDGT 1972-1979  Carbureted 2.0 Carbon Trap
2 LHDGT  1980-1985  Carbureted 2.0 SHED
1 LHDGT  1986-1989 Either 2.0 SHED
3 LHDGT 1990+ Fud-Injected 2.0 SHED
1 MHDGT 1972-1979  Carbureted 2.0 Carbon Trap
1 MHDGT 1980-1985  Carbureted 2.0 SHED
1 MHDGT 1986+ Fud-Injected 2.0 SHED

Additiond redtrictionsinduded limiting a specific manufacturer to amaximum of 3
samples of the LHDGT and 2 samples of the MHDGT, and requiring annua mileage

accumulation rates of 10,000 miles per year.

The actud vehiclestested, including detailed vehicle identification data, are tabulated
in Appendix |. The required digtribution of manufacturers was met. Not every vehicle
met the required odometer rate. Each vehicle was proposed to ARB staff and
accepted prior to procurement.

Vehicle procurement was complicated by severd factors. ATL'sorigind proposd
assumed that appropriate vehicles could be located in the Phoenix metropolitan ares,
where we have extensive vehicle procurement contacts. At the time of the proposd,
ATL was activdy performing asmilar testing program for the USEPA involving
dynamometer testing of LHDGT, including FTP and SFTP test cycles. We intended to
add the evaporative testing required for this program to the ongoing EPA effort. The



EPA program ended before the CARB program was awarded, precluding that
possihility.

During find planning it was agreed that dl of the vehiclesfor this program wereto
have been origindly equipped with the eveporative equipment required for Cdifornia
The engine and evaporative families of proposed candidates were to be forwarded to
ARB and approved prior to procurement. A number of vehicles were located and
identified, both in Arizona and Cdifornia, and passed over for lack of identification
(missing and/or illegible stickers), or lack of evaporative control equipment. We
decided to focus dl procurement efforts for the find vehiclesin Cdifornia Severd trips
were made to the Los Angeles and San Diego aress, in conjunction with other
programs and as sand-alone trips. An ongoing search of the Internet seeking qudified
vehicles for sdewas performed. The remaining vehicles were located, proposed,
procured, and tested with the exception of the 1980-1985 MHDGT. During the fina
summer, on two occasions a qudified vehicle was identified and accepted by ARB, but
the vehicle owners backed out when atrip was made to pick up the vehicle. Two
contract extensions were permitted, but time ran out before the tenth truck was tested.

. Test Fud

The properties of the test fud significantly affect the results of gasoline evaporetive
emisson tests. Commercia gasoline was purchased in barrels from asupplier in
Cdifornia. The fud was standard grade, summer time fud intended to meset dl
Cdifornia Phase || properties and regulations.

The barrdls were shipped from Cdiforniato ATL's Mesa, Arizonatesting facility.
They were stored in arefrigerated barrel storage area until used. Samples were
collected and delivered to an independent testing laboratory and to ARB's El Monte
|aboratory for andysis and to confirm compliance with Cdifornia Phase 1

specifications. Results of these andysis tabulated are in the results section of this report.



C. Teds Protocols

Emission testing was performed, as appropriate and possible, using the methods
and protocols currently specified for new light-duty vehicles. A recap of the
development of current testing proceduresis provided to establish aframework for
previous work and the current effort. The section concludes with a detailed summary of

the protocols used for this program.

Evaporative testing methods have evolved with time. Cdifornia has generdly
implemented changes earlier than the remaining 49 states, but has used the procedures
eventually published by the USEPA in the Code of Federa Regulations (CFR). 40
CFR 85 defines the exhaust and evaporative emission procedures required for 1976
and earlier light duty vehicles. Exhaust and evaporative tests were (and continue to be)
run as asingle combined sequence, with exhaust measurements performed a some
points and evaporative emissions performed at others. The dementsrelated to
evaporative emissions (as described at 40 CFR 885.074) include:

Operate the vehicle for one hour immediately before the start of testing.
Drain and fill the tank to 40% capacity.

Operate for 7.5 mile trip on dynamometer

Soak for minimum of 10 hours

Drain fud tank, refill with fud between 58 and 62°F

Plug exhaust pipes, inlet to air cleaner, and vent al suspected fuel vapor
sources to carbon collection canisters.

Artificidly heat fud in tank from nomind 60°F Sart to +24°F risein 60
+ 10 minutetime. (Diurnd Segment)

Clamp vapor trgps for exhaust test
Perform exhaust test
Unclamp vapor traps
Soak vehicle one additiona hour (Hot Soak Segment)
Clamp and weigh vapor traps to determine net wet gain.
Interestingly, the early procedure specificaly requires "running loss' testing to be
performed unless al suspected vapor sources are vented "in the immediate vicinity of



the carburetor air horn". Asaresult, vapors generated during engine operation would
be expected to be drawn into the operating engine, and vapor collection is pecificaly
not required. Thisisthe"Canister Trap" protocol, with alimit of a2.0 gram increasein
weight of dl carbon trgpsfor light duty vehicles.

A mgor change was implemented for the 1977 model year. A whole vehicle
enclosure was added for the Diurnal and Hot Soak segments. This enclosure (the
SHED) permitted free venting and capture of dl hydrocarbon vapors from the vehicle.
The SHED design tolerated only limited expansion and contraction from changesin
temperature, but greetly improved the collection of evaporative emissons. The test
sequence remained the same, but the diurna and hot soak segments were now
performed in the sedled enclosure. No plugs or traps were used. The certification
gandard was initidly raised to 6.0 gramsto dlow for increased stringency with the new
procedure, but then returned to a 2.0 gram limit.

Astime passed it became apparent that the SHED procedure did not totally control
evaporaive emissons. Atmospheric sampling did not reflect the reductionsin
evaporative emissions expected from the implementation of the SHED test regulations.
Additiond research reveded, for example, that extending the duration of either the hot
soak or diurna test resulted in dramatic increases in evaporative emissions measured.
Suspicion that al running losses were not actualy captured by engine induction lead to
the development of a dynamometer enclosed in a SHED, with very subgtantid running
losses measured. Fuel properties had changed following the introduction of the catalytic
converter and the requirement for unleaded fud. Tests performed with commercid
fudsresulted in very subgtantia increases in measured evaporative emissons when
compared to the 1975 basdline fuel used for emission testing. Industry sponsored
testing with a 24 hour diurnd test, in which the air surrounding the vehicle was
controlled to a 24 hour temperature profile, yidded subgtantialy higher evaporative
emissions than the one hour fuel heeting test. Repeated diurndss, as observed when a
vehicleis not operated over aweekend, additiondly proved to yield higher evaporative

emissons.



The certification protocols were again reviewed. Cdiforniaagain broke new
ground with implementation of the current evaporative testing procedures, to be
followed by federa standards starting with the 1996 mode! year. In addition, controls
of fue properties were implemented both nationaly and particularly in the State of

Cdifornia, to further control exhaust and evaporative emissons.

Two mgor changes were implemented with the new regulations. Diurna emissons
are now measured in an enclosure that can tolerate the volume changes that occur with
ggnificant air temperature changes, and running losses are measured during

dynamometer operation.

Detailed procedures specifying the equipment, procedures and tolerances for these
tests are specified in 40 CFR 86 subpart B. California has adopted these proceduresin
its state regulations, except with respect to modd year of implementation, fuel
requirements, and the temperatures used.

For regulatory purposes, California has chosen extreme temperatures. The higher
temperature range used for certification forces additiona vapor storage capacity to be
included in vehicle design. For example, the daily ambient temperature swing in the
federal procedureis 72 to 96 to 72°F in a smooth 24-hour pattern. The corresponding
ARB cycleis 65 to 105 to 65°F in the same 24-hour period. Diurna emissions result
primarily from the expansion and displacement of vaporsin the fue tank. Therisefrom
72 to 96°F displaces less vapor than the 65 to 105°F temperature cycle.

For inventory purposes, it is more appropriate to select atemperature cycle typical
of those actudly experienced in the area being modded. Theinventory mode can, if
appropriate, apply correction factors to estimate emissons on days with more extreme
temperature variations. For this program, it was agreed that the 72 to 96°F federa
cyclewould be used as the basdline test condition.



The entire certification testing protocol includes extensve refuding, canister
preconditioning, and exhaugt emission testing. The following summearizes the procedure

used for this "emisson factor” testing:

Drain and fill the tank(s) to 40% capacity.

Operate for 7.5 mile trip on dynamometer (or road)

Soak for minimum of 12 hours

Perform running loss dynamometer test (or road operation)
Soak vehicle three additiona hours (Hot Soak Segment)
Soak aminimum of six hours a diurnd start temperature
Perform 24 hour diurna test

Running Losses

Running loss emissons are measured on a dynamometer in a SHED enclosure.
ATL'srunning loss SHED is equipped with a dynamometer capable of smulating 9,875
pounds of vehicleweight. The LHDGT vehicles are pecified to have GVWR of 8,501
to 14,000 pounds. While the total weight of the vehicle and load is 14,000 pounds, the
actua empty weight of the vehicle rarely exceeds 10,000 pounds in this class of vehicle.
To provide some measure of the running losses of heavy trucks, dynamometer testing
was performed on the LHDGT vehicles using the measured curb weight of the vehicle
plus 300 pounds. It should be noted that current exhaust emission testing with lighter
trucks requires curb weight plus haf payload for the dynamometer inertia setting.
(Payload is the difference between empty curb weight and GVWR). No attempt to
load above 10,000 pounds was made for this program. Reasonable road load settings
for the LHDGT trucks were computed using the fronta area caculations specified in 40
CFR §86.129-80.

Running loss sandards are established on agram/mile bass. Actud running losses
observed during atest are generdly non-linear, meaning this gram/mile measurement
would not be the same during the first 10 minutes of vehicle operation as during the find
10 minutes. The regulations are based on a 70- minute drive. For inventory modeling
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purposes, it is more gppropriate to incorporate a diding scae for running loss results
that accounts for the number of minutes of operation. For this program, the driving
schedule selected (by the test sponsor) was three repetitions of the Urban
Dynamometer Driving Schedule (UDDS), followed by a 30 minute shutdown, followed
by afinad UDDS schedule after restart. The UDDS is the basis of the standard light
duty exhaust emission test, and the city-driving portion of the fuel economy regulations.
All datawas collected continuoudy, and is available dectronicaly on aminute by minute
basis.

A criticd factor in running loss tegting is the temperature of the fue during the driving
event. The CFR regulations specify that fuel temperature targets must be established by
operating a vehicle on an outdoor track while using the same driving schedule asis used
during dynamometer testing. Each of the LHDGT vehidesin this program were
instrumented with fuel temperature thermocouples and operated on a closed course
using the dynamometer driving schedule while fuel temperature was recorded. Target
fuel temperatures were extracted from these results using the CFR procedures. During
the running loss evapordtive test, a temperature controller was programmed with the
target temperatures on aminute by minute basis. The automeatic controller operated a
fan and heeter to maintain fuel temperature during the test within the specified fud

temperature tolerances.

Tedting of the LHDGT vehicles began with adrain and refill to 40% of tank
capacity with the commercid CdiforniaPhase Il fud procured for this program. They
were then operated on a dynamometer over one UDDS cycle (23 minutes, 7.5 miles).
The vehicle was then placed in soak (key off) at an ambient temperature of 95°F for a
period of 12 to 24 hours. The vehicle was pushed into the dynamometer/SHED
enclosure and permitted to soak the find one-hour (minimum) prior to the test. The fud
temperature a the end of the soak was required to meet the nomina ambient
temperature within £ 2F°.  An ambient target of 95°F was used for dl basdinetestsin
this program. One replicate test was performed on ARBHDT04 using target
temperatures of 75°F for the running loss and hot soak tests for comparison.
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Fresh air was ducted to the engine inlet in the running loss enclosure. Vehicle
exhaust was ducted through the wall to a Congtant Volume Sampler (CVS). This
isolated the engine emissions from the evaporative hydrocarbon emissions. CO, was
monitored in the evaporative enclosure to insure that the exhaust system was lesk tight.
CO was smilarly monitored to insure driver safety. HC was measured continuoudy

and dectronicaly logged for the evaporative running loss computation and report.

All ingrumentation in the running loss cdl was eectronicaly controlled by the
Horiba SADA driver'said. The driver would start the vehicle's engine and activate the
driver'said. The SADA actuated the CVS and fuel temperature controller
automatically. An operator outside of the test cell would mark charts and observe the
vehicle and driver for safety.

Exhaugt emissions were trangported to a continuous dilute monitoring bench and
eectronicaly logged. Bag samples were collected at the running loss SHED, and
transported to the dilute continuous bench for quality control comparison. All second
by second and minute by minute results have been presented to the ARB project
engineer, but will be collected into asingle CD ROM recording.

The MHDGT's exceeded the capacity of the dynamometer in the running loss
enclosure. These vehicles were operated on aroad course smilar to the UDDS
schedule for preconditioning. Initidly, they received adrain and fill to 40% capacity,
and then were operated for one lap of the 7.5 mile road course for preconditioning.

They were soaked overnight at 95°F for 12 to 24 hours.

The vehicles were started and operated outdoors in a manner paralleling the running
loss test performed on the LHDGT vehicles. They were operated for three consecutive
road UDDS equivaents, soaked with the key off for 30 minutes, and then operated for
afind UDDS equivdent. The drive was coordinated with the test operator to permit
the vehicles to immediately enter the laboratory and proceed on with hot soak testing at
the end of the find UDDS cycle.

12



Hot Soak Testing

A Hot Soak test was initiated immediately following the running loss or road
operation on al vehicles. The Hot Soak SHED enclosure is operated at one nomind
temperature for the duration of thetest. All basdine testsin this program used a 95°F
st point. The HC anadyzer was cdibrated immediately prior to the Sart of the tet, the
enclosure was ventilated to provide astable initid background, and the temperature was
dlowed to gabilize at the set point.

Test vehicles were transferred to a Hot Soak enclosure immediately after
completion of the running loss test or road warm-up. The SHED door was sedled, and
a continuous recording of SHED parameters was initiated. The Hot Soak continued for
three hours. The continuous recording and three hour duration was used to more permit
more redistic modeling of actua hot soak events. The regulations are based on a one-
hour hot soak, with results computed only at the end of the one-hour period. Hot Soak
emissons, like running loss emissons, are typicaly non-linear, and are more
gppropriately modeled on a unit time basis (minute by minute, hourly, or other).

Diurnd Teding

A diurnal temperature cycle of 72 to 96°F was selected as the basdline sequence
for thisprogram. All vehicles were soaked at the 72°F initid diurnd temperature
following completion of the Hot Soak test. They were left to soak at this temperature a

minimum of 6 hours prior to the start of the diurnd sequence.

The Diurna tests were performed in SHED enclosures capable of operation at
variable temperatures (VT SHED). Thetestsfor this study used the temperature cycle
specified for federa new car certification. This cycle sartsat 72°F (typica of awarm
evening), rises smoothly to a pesk of 96° after nine hours (typica of diurnd temperature

rise between 6:00 am and 3:00 pm), then falls smoothly over the next 16 hoursto return
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to 72°F (as would happen during the late afternoon and evening hours). Table 2
tabulates the hourly diurnal temperature targets.

Table 2.
Diurnal Temperature Cycle

Time (hrs) Temperature (°F) Time (hrs) Temperature (°F)

0 72.0 13 88.6
1 72.5 14 85.5
2 75.5 15 82.8
3 80.3 16 80.9
4 85.2 17 79.0
5 89.4 18 77.2
6 931 19 75.8
7 95.1 20 74.7
8 95.8 21 73.9
9 96.0 22 73.3

10 95.5 23 72.6

11 94.1 24 72.0

12 91.7

100
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The diurnd SHED is designed to accurately smulate the fud tank heeting and
cooling observed by avehicle parked out-doors with unrestricted under-vehidle ar
movement. A fan is used to create a 5-mph wind under the test vehicle, including
particularly the air under the fud tank. A thermocouple under the vehicleis used asthe
temperature monitoring and control point for the diurnd  test.

When air is heated or cooled, it expands and contracts. The change in internd
pressure caused by the temperature changes would cause a standard fixed volume
SHED to fail. Two methods are permitted to compensate for the volume changesin a
VT SHED. Both methods are incorporated in the SHEDs used by ATL. Thefirst
method permits changes in the enclosed volume.  This variaion can be permitted with
rigid pands that move, or flexible bladders that are vented to the exterior of the
enclosure and dlowed to “breathe” in response to temperature and barometric pressure
driven changes. The bladder method isused in three of ATL’s SHEDs. The bladder is
inflated prior to the sart of the test to aknown volume. The SHED is stabilized at the
initid temperature of the upcoming diurna test. Thevehidleis soaked a this
temperature for aminimum of sx hours, typicaly in the SHED enclosure. The SHED is
ventilated prior to the sart of the test, minimizing the background HC levelsin the
enclosure at the garting point of thetest. A continuous recording of temperature,
pressure, and hydrocarbon level isinitiated prior to the start of the test. The SHED
door isseded, aninitiad temperature, pressure, and hydrocarbon leve is recorded, and
the bladders are opened to the atmosphere. The programmed temperature cycleis
initiated, and the test proceeds for the next 24 hours.

A very smilar processisused in ATL’stwo remaining VT SHEDs. These
enclosures provide temperature compensation by withdrawa of ar from the enclosure
at ameasured rate that exceeds the maximum expanson caused by the test temperature
vaiation. A critica flow venturi (CFV) isused in ATL’sdesign. A gas pressure
regulator is then used to meter make-up air into the enclosure to replace the air
withdrawn. The removd rateis greater than that required to compensate for therma
expangon and contraction. The hydrocarbon levels of the air entering and leaving the
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enclosure are measured continuoudy. Hydrocarbon mass added to the enclosure in the
makeup ar is subtracted from the vehicle total. Mass removed from the enclosureis
added back into the total, while the mass of hydrocarbon in the enclosure is computed
using standard methods.  The sequence of gtabilizing the vehicle and temperature in the
SHED, sedling the door, logging the readings, and cycling the temperature exactly
paralelsthe other SHED design. This design is more appropriate for the higher
hydrocarbon levels with in-use vehicles as the congtant dilution of ar in the SHED
avoidsthe very devated HC levels observed in smdler SHEDs of the bladder design.

Extensive qudity control review of al data and testing procedures was performed
following completion of the diurnd test. All test documentation was reviewed to insure
compliance with required test sequence, soak times, fud fills, and temperatures.
Electronic data files were reviewed to insure proper zero and span settings, and return
to zero and span following completion of the test. Extensive daily, weekly, and monthly
cdibrations are performed on al dynamometer and evaporetive testing equipment.
Frequency and tolerances applied meet or exceed 40 CFR 86 requirements.

Post Test Inspection

Prior to acceptance for testing, identifying numbers and a description of the
evaporative emission control system was reviewed with ARB staff. Great care was
exercised to avoid making any change to the vehicle that could affect the evaporative
emissions observed with the vehicle during testing. Results of testing were reported to
ARB gaff and accepted before continuing.

The vehicles were then subjected to a comprehensive inspection and documentation
of vehicle condition. Components such as vapor hoses were removed during the
ingpection, possibly changing the condition of the vehicle. Two fundamentd tests of
evaporative sysem integrity were performed on each vehicle. Thefird verifiesthat dl
connections and hoses are legk tight. The tank vapor line to the canister was
disconnected, and pressurized air was gpplied to the tank and cap. Pressure was fed
until astable 14 to 15" of water pressure was captured. The vapor line was then

clamped, and pressure drop recorded. This protocol was required prior to the
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implementation of whole vehicle testing in a SHED, and remains an excdlent diagnostic
tool. Any sgnificant lesk in this sysem resultsin high evaporative emissons.
Pressurizing from the canigter resultsin a parallel check of the vapor hoses, the fue
tank(s) and the fud tank cap(s). Most of the vehiclesin the program had dud tanks.

The second test verifies purge flow. A rotometer was placed in series between the
vehicle engine and the evaporative control canister. Air was drawn by the operating
engine through the canister to remove hydrocarbon mass stored in the canister during
previous engine off events. Purge flow istypicaly controlled by temperature or vacuum
switches (in older vehicles) or eectronic computer controlled solenoids (in modern
vehicles). Component failure, line misrouting, plugged lines, or disconnects can al
prevent proper purge of the storage canister, which will consequently fill to capacity
with hydrocarbon mass and will no longer prevent escape of additiond vapors to the
amosphere.

Ingpection of dl vapor and liquid fud lines were performed, aswdll asavisud
ingpection of al evaporative control components. As running loss and extended diurnd
testing was not specified for certification of the older vehicles, additional measurements
and configuration data was recorded. Current vehicles must control the temperature of
the fud in the fud tank during engine operation to minimize running losses. Sketches of
the vehicle configuration and the relationship of components affecting evaporetive
emissions were collected during the post test inspection. The distance between the hot
exhaust system and the fuel tank(s) was recorded. A sketch of the overal configuration
was made. A description of the control system was included, aswell asthe results of all

system checks.

The mechanic/ingpector was provided with the results of the as-received tests, and
was ingructed to find the cause of any unusua observations.

Regtorative Maintenance and Replicate Tests

Basdine tests were performed on al vehicles. Four additiona tests were
completed. One test was performed using al procedures and temperatures used for the
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basdline tests — a replicate test to assess repeatability. A second test was performed
using the same procedures, but dropping the target temperature of the running loss and
hot soak tests from 95 to 75°F, to quantify the impact of those parameters. The find
two were performed following repairs to faluresin the evaporative control systems of
two vehicles. These repairs were performed to assess the potentia for reductions
available through maintenance of vehicles of thisclass. Inspection and repair has been
demondtrated to have a Significant impact on the evaporative emission levels from the
light-duty fleet, incdluding the finding that many older vehicles have very large evaporative
emissons resulting from smdl liquid fud lesks.

Resaults

In this section of the report specific descriptions of the vehicles procured will be
provided. Test results will be presented, followed by ingpection results.

A. Ted Vehides

The nine trucks procured and tested for this program provide a good cross section
of the population of interest. Technology in the newer samplesis quite Smilar to that
used in the light duty population, including extensive computer control. The older units
show sgns of engine swapping and maintenance that exceeds what would be expected
of agmilar vintage light-duty automobile, but correspond to what would be appropriate

for acommercid vehicle. These were “working” vehicles.

Appendix | provides detailed vehicle identification data. In addition to modd year
and manufacturer, the Vehicle Identification Number (VIN), Engine Family, and
Evaporative Family are tabulated.

Appendix |1 provides additiond detail. Here vehicle specifications, including engine
gze, GVWR dlass, fud induction class, fue tank materid, tank capacity, transmisson
type, and build date are listed. The vehicles meet the specifications and requirements
liged in Table 1, except for the lack of the middle vintage MHDGT.

B. Tes Results
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Test results are briefly summarized in Table 2. A cursory inspection reved s three
order of magnitude differences between the vehicles. These results are not the highest
or the lowest ever recorded for in-use vehicles. Therangeistypica, and to be

expected given the fud tank capacities recorded and the defects found with the vehicles.

Table 3.
Results Summary

Cumulative Hot Soak  24-hour

Running Loss Hr 1 Hr 2 Hr3 DHB
Veh# Grams Gram/mi Grams Grams Grams Grams Condition
01 8.72 0.29 1.02 117 130 9.05 Badine
02 30.64 1.02 0.41 057 0.69 1949 Basdine
03 2.71 0.091 0.93 143 181 5.65 Basdine
2.97 0.100 1.17 171 210 419 Replicae
04 0.38 0.013 0.09 012 0.15 0.92 Badine
0.18 0.006 0.06 009 0.0 087 75°
05 - - 2.44 305 352 39.37 Badine
06 - - 48.34 64.88 78.08 5454 Badine
07 110.39 3.70 1446 20.64 2497 38.76 Baxdine
20.67 0.70 7.28 993 11.82 30.11 After Repar
08 54.59 1.83 1411 1545 16.18 43.35 Badine
8.69 0.29 3.01 458 560  10.14 After Repar
09 23.23 0.78 1.83 377 4.02 15.81 Badine

Vehicles 05 and 06 were MHDGT vehicles. No running loss tests were performed on
thiscass of vehicle. All remaining vehicleswere LHDGT.

The repesat test sequence on vehicle 03 is a replicate — no changesin procedure or
parameters existed between the tests. The running loss results differed by
approximately 10%. At the end of three hours, the hot soak results differed by about
17%. These varidions are consstent with the results of other vehicles with emissons at
these levels. The largest difference noted was in the 24-hour diurnal, gpproximatey
35%. Thisdifference would be higher than expected for a properly functioning vehicle,
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but is not extraordinary for a high emitting vehicle. Mafunctions, including those
resulting from age and high mileage, increase observed variaion in both evaporative and

exhaugt emissons of high emitters.

The second test on vehicle 04 is arepeat of the baseline except the temperature set
point for the running loss and hot soak tests was 75°F ingtead of 95°F. The running
loss test dropped substantialy at this temperature. The lower temperature used for the
running loss test was a0 reflected in the target fud temperature profile, resulting in a 20
degree fud temperature reduction throughout the test. The hot soak and diurna
dropped aso.

Figures 1 through 9 summarize the results of the individud tests graphically.
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Figure 1 - Vehicle 01 Results
Vehicle: ARBHDO1 (LHDGT): 1989 Ford F350, 7.5L, PFI, 15+23 gal
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Figure 2 - Vehicle 02 Results

Vehicle: ARBHDO2 (LHDGT): 1990 Ford F250, 5.7L, PFI, 23+19 gal
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Figure 3 - Vehicle 03 Results
Vehicle: ARBHDO03 (LHDGT): 1997 Chrysler 3500, 5.9L, PFI, 35 gal
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Vehicle: ARBHD04 (LHDGT): 1999 Chevrolet 3500 Van, 7.4L, PFI, 31 gal

Figure 4 - Vehicle 04 Results
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Figure 5 - Vehicle 05 Results

Vehicle: ARBHDO5 (MHDGT): 1990 Ford Superduty, 7.5L, PFI, 19+19 gal
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Figure 6 - Vehicle 06 Results
Vehicle: ARBHD0O6 (MHDGT): 1974 GMC 6500, 7.0L, Carb, 50+50 gal
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Figure 7 - Vehicle 07 Results
Vehicle: ABRHDO7 (LHDGT): 1974 Ford F350, 6.4L, Carb, 18+20 gal
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Figure 8 - Vehicle 08 Results
Vehicle: ABRHD08 (LHDGT): 1984 Chevrolet, 5.7L, Carb, 20+20 gal
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Figure 9 - Vehicle 09 Results
Vehicle: ARBHD09 (LHDGT): 1984 Dodge 3500 Van, 5.9L, Carb, 22 gal
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C. Inspection Narrative

Each vehicle was subjected to arigorous ingpection following completion of basdine
testing. In this section the results of these ingpections are summarized. No repairs or

actions that could change the as-received emissons were performed on any vehicle prior to

the base linetest. The incoming test was intended to represent actua in-use conditions for
each vehicle.

ARBHDTO1

This vehiclewas a 1989 Ford F350 XL T ouitfitted as aflat bed truck. It was equipped
with two fud tanks. 1t had a460 cid engine equipped with port fuel injection and feed back
fud control. Ingpection did not reved any gross failures or legks. All evaporative emission
components were present and intact. 1t would not hold pressure for the fud tank leak
check and it was missing the ail dipstick. The odometer on the vehicle was 189,764 miles.
It showed indications of aging and use typica for a"working" vehicle of thistype.

The exhaust pipe passed on the opposite Sde of the driveshaft from the center fud tank.
After passing over the rear axle, it passed within 5 inches of the rear fuel tank. The high bed
provided very good ventilation around the fud tanks, which had only a 27°F temperature
rise after 2 hours of operation.

Reaults of the testing were reasonable for a 10+ year old vehicle.
ARBHDTO2

This vehicle was a 1990 Ford F250XL configured as afull size pickup. It was
equipped with two fud tanks. It had a 351 cid engine with port fud injection. All
evaporative emission components were present and intact. It failed the pressure check.
The as-received odometer on this vehicle was 118,603 miles. It wasafull size pickup. No
sgns of damage repair or rebuilds were found. The vehicle appeared to have been used
more for trangportation than hauling heavy materids, with wear typicd of a non-commercid
vehide of thisvintage.
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The exhaust pipe passed opposite the mid ship fud tank, but passed within 4 inches of
the rear fuel tank. Sheet meta enclosed the rear of the truck. Thetank had a 32°Frise
after two hours of road operation, creating higher running losses. The dua fud tanks were
dightly larger than vehicle 01, dso promoting higher eveporative emissons. Results were

higher than truck 01, but within the range expected for avehicle of this age.
ARBHDTO3

This vehicle was a 1997 Chryder Ram 3500 15 passenger van. It was equipped with a
sangle 35 gdlon tank at the rear of the vehicle. It passed the evaporative control system
purge and pressure checks. All components were present and intact. The as-received
odometer was 48,475 miles. Thisvehicle wastested in November of 1999. It'srate of
mileage accumulation was higher than typica for a private vehicle, but the overdl condition

was good.

The exhaudt pipe of this vehicle passed within 3 inches of one side of the fuel tank. A
heat shield separated the tank from the pipe. The fuel temperature rose 25°F during
operation on the test track. The vehicle was not required to pass the enhanced running loss
and 24 hour diurnd test. Results were higher than acceptable for alight-duty vehicle of this
vintage, but not unusua for amodern technology vehicle certified before implementation of

enhanced evaporative emission standards.
ARBHDT04

This vehicle was a 1999 Chevrolet 3500 15 passenger van. It was equipped with a
sngle 31-gdlon fuel tank mounted mid ship on the left Sde. It passed the evaporative
control system purge and pressure checks. All components were present and intact. This
was a 1999 vehicle tested in October of 1999. It's as-received odometer was 18,584

miles. No unusua wear or damage was noted during inspection.

The exhaust pipe of this vehicle passed on the opposite Sde of the drive shaft from the
tank. The fud temperature rise observed during track operation was 29°F. This 9500
GVWR vehicle met the standards for running losses and hot soak + diurnal specified for a
light-duty vehicle. It wasthe newest vehicletested. The canister and associated controls
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were adequatdly sized and gppeared Smilar in design that observed on light-duty vehicles.

It was equipped for OBDII evaporative system verification. This vehicle demondrates that
it is possible to achieve the more stringent enhanced emission standards even a higher loads
and tank capacity.

ARBHDTO5

This vehicle was a 1990 Ford Superduty Medium Heavy-Duty truck. It was equipped
with a460 cid port fuel injected engine. It was equipped to move over-the-road trailers. It
had (2) nineteen gdlon tanks, one mid ship and the second at therear. Thevehiclefailed
the pressure test. The rubber components showed signs of aging. No repairs were
performed prior to the as-received test. Following completion of the basdine test, thefiller
neck hoses, the gas caps, the front filler neck, and rubber grommets in the tanks were
replaced to achieve ased. The vehicle passed the pressure and purge test when returned
to itsowner. It had 87,302 miles on the odometer when the inspection was performed.

The exhaudt pipe of this vehicle was on the opposite sde of the mid ship tank. The pipe
passed within 3 inches of a heet shield instaled between the pipe and the rear tank. The
tanks were well exposed to air movement. No fuel temperature or running loss tests were
performed on the medium heavy-duty class vehicles.

The overdl condition of this vehicle was poor. All rubber and plastic components were
aged and cracked.

ARBHDTO06

This vehicle was a 1974 GMC 6500 dump truck. It was equipped with a427 dd
carbureted engine. It was equipped with (2) fifty gdlon tanks Multiple fallures and liquid
leaks were discovered during ingpection. The carburetor leaked fuel around the accelerator
pump. The canister purge nipple was broken off. The carburetor was not the origina
goplication. The fud pump was lesking. The purge vacuum linewas missng. The driver's
sde tank would not hold pressure. The passenger fud tank cap was missng its gasket.
Thiswas an old truck that showed its age. Evaporative emisson results obtained reflected
the condition of the vehicle. Significant cost and efforts would be required to restore the
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vehicle. Complete restoration would not be expected to cause the vehicle to pass enhanced
testing protocols. No corrections were made prior to the as-received test. The vehicle
odometer displayed 61,354, but the condition of the vehicle indicated at least 161,354 if not
261,354 miles.

ARBHDTO/

This vehicle was a 1974 Ford F350 custom with aflat bed. It was equipped with a
390 cid carbureted engine and two fuel tanks. One fud tank was mounted behind the seat
in the passenger compartment. A second tank was mounted mid ship. The interior tank
marginally passed the pressure test. The mid ship tank failed. Both gascapsfaled. The
mid ship filler neck bracket was incorrectly ingtdled, causing interference with the cap sedl.
The fud pump and carburetor accelerator pumps were leasking fuel. The purge hose was
broken off. The vacuum lines were misrouted. No repairs were performed prior to the as-

received test. The vehicle odometer displayed 243,446 miles during ingpection.

Thiswas dso an older truck. An attempt to repair dl liquid fue lesks and to restore the
vacuum hose routing was made. The fuel pump was replaced. The carburetor was rebuilt.
Vacuum lines and tees were correctly routed. Thefiller neck was correctly ingaled. The
gas caps were replaced. Following completion of repairs the vehicle passed the pressure
and purgetests. A retest resulted in an 80% reduction in running losses and a 50%
reduction in hot soak emissons. These reductions were primarily the result of diminating
theliquid fud leaks. Thefind results were till much higher than observed with newer
vehicles, but typical of vehicles equipped with evaporative sysems of thisvintage. The
diurnal emissions were reduced gpproximately 20%, aresult of the large fuel tank capacity
and inadequate vapor storage capacity for a24 hour diurnd test.

ARBHDTO08

Thisvehiclewasa1984 GM CB dump truck. It isequipped with (2) twenty-gdlon fud
tanks. It hasa 350 cid carbureted engine. Liquid fuel was detected at the fud tank
switching valve and dl hoses leading into and out of the switching vave. The vacuum

control lines were misrouted for both the evaporative and EGR exhaust emission control
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sysems. The canister bowl vent control valve was damaged. The driver's Sde gas cap
failed the leak check. No repairs were performed prior to the as-received test. The vehicle
odometer reflected 150,988 miles.

Attempts to repair this vehicle were d'so made with the exception of the canister bowl
vent vave function. Thisrepair would require replacement of the canigter. Al liquid fud
leaks were repaired and the hose routing was repair and restored.

These repairs resulted in an 85% reduction in running losses and an 80% reduction in
firgt hour hot soak emissons, again primarily by dimination of the liquid fud lesks. A 75%
reduction in diurnal emissons was measured. The emisson leves observed following the
repairswere in line with results observed on other vehicles of thisvintage and fue tank
capacity.

ARBHDT09

This vehicle was a 1984 Dodge B350 van. It was equipped with a 360 cid carbureted
engine. It had one 22 gallon fud tank mounted in the rear of the vehicle. The vehicle
passed the purge test but failed the pressure test. No attempt to repair the vehicle was
made. No repairs were performed prior to the as-received test. The vehicle odometer
reflected 126,102 miles. The current owner used the vehicle for transporting day laborers
to different work Stes. It appeared to have been originadly delivered as a military vehicle, as
indicated by an identification plate mounted on the dashboard.

The exhaust pipe on this vehicle passed within 2 inches of the rear mounted fue tank.
The fud tank temperature rise noted during road operation was 23°F, typical of a
carbureted engine of thisvintage. Evaporative results were not out of line for avehicle of

this age and fud tank carrying capecity.



D. Fud Inspection Reaults

The fuel used for tests in this program were from a batch of commercid Cdifornia
Phase |1 that was captured in barres and transported to ATL's Mesa Arizona Site. Barrels
were refrigerated until used. Samples were collected and sent for independent analysis with
the following results:

Table4.
Fuel Inspection Results

Specification 07/13/1999 09/28/2000

Didillaion

IBP report 97 87
10% 130-150 136 132
50% 190-210 195 204
90% 290-300 314 315
EP 390 max 412 417
FIA

Saturates remain 729 72.2
Olefins 4.0-5.0 3.7 3.0
Aromeatics 22-25 23.4 24.8
RVP

Grabner 6.7-7.0 6.95 7.32
Dry 6.7-7.0 - 7.50
MTBE 10.8-11.2 11.7 6.9
Benzene 0.8-1.0 - 0.6
Sulfur (ppm) 30-40 20 -
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V. Summary, Conclusions, and Recommendations

Higoricaly, emisson factors for heavy-duty gasoline powered vehicles have been estimated
by extrgpolation from light-duty truck results. A very substantial body of resultsis available
from the light-duty class of vehicle. The Coordinating Research Council (CRC) sponsored
extensve testing of in-use vehicles using modern evaporative emission testing protocols in the
late 1990's. Both ARB and the USEPA perform ongoing in-use vehicle testing programs.
Certification results provided by vehicle manufacturers provide additiona data.

Limited actud datawith larger vehicles has been collected, particularly with current
enhanced evapordtive testing procedures. This project was intended to collect a limited amount
of such data, not to serve as a basis for datigtica estimation of evaporative emission factors for
the entire in-use fleet, but to provide an initia sample. Results are to be examined by EMFAC
2001 moddlersto determine if past estimates and extrapol ations have been reasonable, and to
assis in development of gppropriate factors for this class of vehicle,

Results obtained during the program were consstent with the results from smaller light-duty
vehicles, taking into account such factors as fud capacity, age, maintenance, and certification
standards gpplied to the specific vehicle.

Substantia reductions in in-use emissions can be achieved through comprehensive
ingoection and maintenance of older vehicles. Liquid fuel leaks can be found on many vehicles
of 1990 and earlier vintage. Thisfinding corresponds to observations made on a multitude of
light-duty vehicle. Time will have to pass to determine if the improved materias required to
pass enhanced evaporative emission standards will prove more durable than those used through
the early 1990's, for both the light and heavy-duty flest.

In summary, this program provides additiona confidence to the practice of extrapolating
light-duty vehicle evaporative emissions results to the gasoline powered heavy-duty truck class.
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Acronyms

ATL Automotive Testing Laboratories, Inc.

ad Cubic Inch Digplacement

GVWR Gross Vehide Weght Rating

HDGT Heavy-Duty Gasoline Powered Truck
HHDGT Heavy Heavy-Duty Gasoline Powered Truck
LHDGT Light Heavy-Duty Gasoline Powered Truck
MHDGT Medium Heavy-Duty Gasoline Powered Truck
UDDS Urban Driving Dynamometer Schedule

VT-SHED Variable Temperature - Sealed Housng for Evaporative Determination
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Veh #
ARBHDO1

ARBHDO2

ARBHDO3

ARBHDO4

ARBHDO5

ARBHDO6

ARBHDO7

ARBHDO8

ARBHDO9

MY
1989

1990

1997

1999

1990

1974

1974

1984

1984

Make
Ford

Ford

Chrysl er

Chevr ol et

Ford

cle

Ford

Chevr ol et

Chrysl er

Mode
F350 XLT

F250 XL

3500 Ram Van

3500 Van

F- Super duty

6500

F350 Custom

cB

Dodge Van

Appendi x 1
Vehicle ldentification Data

Cert type
LHDGT

LHDGT

LHDGT

LHDGT

MHDGT

MHDGT

LHDGT

LHDGT

LHDGT

Engi ne Fam |y
KFMD7. 5BTAX

LFMD5. 8BSA7

VCR360J8GLEL

XGWXAO7. 4201

LFMD7. 5BSB8

no sticker

360- 390

EGWD5. 7AGB7

ECC05. 9ARBS

Evap. Famly
9HN

DHA

VCR1073AYPCB

XGWXE0111909

9HN

no sticker

661

XHH

Not Li sted

VI N
1FTIX35CG5KKB48790

2FTHF26H1LCAS8237

2B5WB35Z7VK591701

1GAHG39J2X1086839

2FOLF47(ALCA13946

TCE664V608312

F37HRT68856

1GEIC34MLEV141376

2B5VB3117ER249312



'6€

Veh

Num

ARBHDO1

ARBHDO2

ARBHDO3

ARBHDO4

ARBHDO5

ARBHDO6

ARBHDO7

ARBHDO8

ARBHDO9

1989

1990

1997

1999

1990

1974

1974

1984

1984

Make
Ford

Ford

Chrys

Chev

Ford

Ford

Chev

Dodge

Eng
7.5

Fuel
PFI

PFI

PFI

PFI

PFI

Carb

Carb

Carb

Carb

Vehi cl e Specifications

Appendi x 2

GvW
10, 000

8, 600

9, 000

9, 500

14, 500

24,000

10, 000

10, 500

8,510

d ass
LHDGT

LHDGT

LHDGT

LHDGT

MHDGT

VHDGT

LHDGT

LHDGT

LHDGT

Tank
Type
St eel
St eel
Pl ast
St eel
St eel
St eel
st eel

st eel

St eel

Tank

Si ze

15.0

18.0

35.0

31.0

19.0

50.0

18.0

20.0

22.0

Tank
Size
23.0

25.5

19.0

50.0

20.0

20.0

Trans
Aut o

Build

Dat e

5/ 89

1/ 90

6/ 97

1/ 99

9/ 89

8/ 74

11/ 73

7/ 84

12/ 83

Supp
Ar
Punp
Purmp
no
Punp
Purmp
no
no

Punp

Punp

Cat
Yes

Yes

Yes

Yes

Yes

no

no

no

Yes



or

Veh #
ARBHDO1
LHDGT

ARBHDO2
LHDGT

ARBHDO3
LHDGT

ARBHDO4
LHDGT

ARBHDO5
MHDGT

ARBHDO6
MHDGT

ARBHDO7
LHDGT

ARBHDO8
LHDGT

ARBHDO9
LHDGT

Yr . / Make/ Model
1989 Ford F350
7.5L, PFI, 15+23 gal

1990 Ford F250
5.7L, PFlI, 23+19 gal

1997 Chrysler 3500
5.9L, PFI, 35 gal

1999 Chev 3500 Van
7.4L, PFl, 31 gal

1990 Ford Superduty
7.5L, PFI, 19+19 gal

1974 GVC 6500
7.0L, Carb, 50+50 gal

1974 Ford F350
6. 4L, Carb, 18+20 gal

1984 Chev
5.7L, Carb, 20+20 gal

1984 Dodge 3500 Van
5.9L, Carb, 22 gal

Appendi x 3

Resul ts Sunmmary

Runni ng Loss

G ans
8.72

30. 64

2.71

2.97

0.38
0.18

110. 39
20. 67

54.59
8. 69

23.23

Ganm

0.29

1.02

0. 091

0. 100

0. 013
0. 006

3.70
0.70

1.83
0.29

0.78

Cunul ati ve Hot Soak
H 1
QG ans

1.

48.

14.

. 28

14.
.01

02

.41

.93

.17

.09
. 06

.44

34

46

11

.83

Hr

2

G ans

1.

64.

20.

.93

15.
.58

17

.57

.43

.71

.12
.09

.05

88

64

45

.77

H 3
G ans

1.

78.

24.

11.

16.
. 60

30

. 69

.81

.10

.15
.10

.52

08

97
82

18

.02

24- hour

DHB

G ans
9. 05

19.

49

5.65
4.19

0.92
0.87

39.

54.

38.

30.

43.
10.

15.

37

54

76

11

35
14

81

Basel i ne

Basel i ne

Basel i ne

Replicate

Basel i ne
75°

Basel i ne

Basel i ne

Basel i ne

After Repair

Basel i ne
After Repair

Basel i ne



Appendix 4 - Detailed Test Results

Test: Sequence Summary
Vehicle: 001

Fuel Type: Commercial Grade Cal. Phase II
RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 23192

Modal Data NMHC CH4 HC CO NOX CcO2 MPG Date 6/01/00
LA4 1 3.284 29.73 6.437 998 8.45 Time 9:34
Bag 2.990 0.181 3.173 3424 5429 986 8.50 Temp: 95°
2 min Idle grams 0.524 0.00 0.702 274 Odom. 89908
LA4 2 1824 6.93 7.964 1010 8.69 I.W. 6000
Bag 1574 0.183 1.759 6.78 6.843 1009 8.71 AHP: 17.6
2 min Idle grams 0.568 0.03 0.645 272
LA4 3 1614 591 7.996 1009 8.72
Bag 1379 0.182 1563 581 6.829 1004 8.76
LA4 4 2229 751 8.422 990 8.84
Bag 2.044 0.168 2.213 7.90 7.692 1016 8.62
2 min Idle grams 1.760 0.01 0.214 227

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 23192

P-CellFID SHED Avg Fuel  Fuel Net Cum Date 6/01/00
R Defl ppm Temp Temp Target Dist. Gms Gms Time 9:37
- - Temp. 95°
Initial 3 4.2 42 96.2 953 946 - 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 20.2 20.2 97.7 110.7 1094 744 193 1.93 Distance: 29.71
2min Idle 3 20.7 20.7 979 1111 1106 --- 0.06 1.99 Barom. 28.57
LA4 2 3 37.1 37.1 97.7 1205 120.1 742 198 3.96 Odom. 89908
2min Idle 3 37.5 375 98.8 1195 1186 - 0.04 4.00 I.W. 6000
LA4 3 3 52.9 52,9 100.1 1227 1252 743 184 584 AHP: 17.6
Soak 3 53.4 53.3 96.9 116.0 1146 -- 010 5.93
LA4 4 3 74.1 740 96.3 121.3 1230 741 251 8.44
2min Idle 3 76.1 76.0 941 1230 1223 - 028 8.72 [Gms/mile = 0.29 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3477
R Defl ppm Temp Baro Gms Gms Date 6/01/00
e I e Time 11:42
Initial 4 4.7 142 87.6 28.66 0.00 0.00 Temp. 95°
Hour 1 4 155 46.8 95.2 28.63 1.02 1.02 SHED: 16
Hour 2 4 171 51.6 95.0 28.60 015 1.17 RL to HLS 0:07
Hour 3 4 185 55.8 95.2 2857 0.13 1.30
Grams= 1.30 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3479
Shed 13 Avg Net Cum Date 6/02/00
R Defl ppm Temp Baro Gms Gms Time 13:19
- - Temp. 72°-96°
Initial 3 8.0 8.0 71.2 2871 0.00 0.00 Bag Vol (in liters): 4400
Hour24 5 303 3042 711 2870 9.05 9.05 SHED: 13
Soak Time: 22:37
Grams= 9.05 |
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Appendix 4 - Detailed Test Results

Test: Sequence Summary
Vehicle: 002

Heavy-Duty Gasoline Truck

Fuel Type: Commercial Grade Cal. Phase Il
RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 23453

Modal Data NMHC CH4 HC CO NOX CcO2 MPG Date 7/19/00
LA4 1 2123 12.67 2.993 856 10.11 Time 12:10
Bag 2346 0.316 2.665 14.65 4.019 857 10.04 Temp: 95°
2 min Idle grams 0.133 0.00 0.196 209 Odom. 118853
LA4 2 0.482 1.03 2711 838 10.61 I.W. 6000
Bag 0.285 0.207 0494 1.27 3.744 848 10.47 AHP: 17.5
2 min Idle grams 0.137 0.00 0.197 215
LA4 3 0.520 2.16 2.666 843 10.52
Bag 0.330 0.196 0528 2.21 3.759 851 10.43
LA4 4 0.583 2.11 3.002 852 10.41
Bag 0.464 0.192 0.658 2.50 4.243 860 10.31
2 min Idle grams 0.304 0.00 0.201 220

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 23453

P-Cell FID SHED Avg Fuel  Fuel Net Cum Date 7/19/00
R Defl ppm Temp Temp Target Dist. Gms Gms Time 12:10
.- - Temp. 95°
Initial 4 17.5 524 943 96.1 950 --- 0.00 0.00 Shed Vol: 7973.5
LA4 1 4 37.1 111.2 96.4 109.8 108.8 7.51 7.07 7.07 Distance: 29.90
2minlidle 4 38.2 1145 97.3 110.7 109.1 --- 038 745 Barom. 28.56
LA4 2 4 63.4 190.0 949 120.1 1189 7.45 9.21 16.65 Odom. 118853
2minlidle 4 64.4 193.0 955 120.1 1181 ---- 0.34 16.99 I.W. 6000
LA4 3 5 259 2589 96.4 1258 125.7 7.45 7.93 24.92 AHP: 17.5
Soak 5 27.3 2729 959 1223 1223 ---- 172 26.64
LA4 4 5 30.3 3029 957 1269 1275 7.48 3.64 30.28
2minlidle 5 30.5 3049 939 1287 1273 -- 036 30.64 |Gms/mile = 1.02 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3494
R Defl ppm Temp Baro Gms Gms Date 7/19/00
iR e Time 14:14
Initial 4 104 314 969 2835 0.00 0.00 Temp. 95°
Hour 1 4 1438 447 955 2829 041 041 SHED: 16
Hour 2 4 164 495 940 2824 0.15 0.57 RL to HLS 0:06
Hour 3 4 17.8 53.7 952 2820 0.13 0.69
Grams= 0.69 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3495
Shed PPM Avg Net Cum Date 7/20/00
IN  OUT Temp Baro Gms Gms Time 8:50
------ Temp. 72°-96°
Initial 4.4 6.8 725 28.60 0.00 0.00 Bag Vol (in liters): 0
Hour 24 54 2579 729 28.63 19.49 19.49 SHED: 11
Soak Time: 15:36
Grams= 19.49 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 003 - AS RECEIVED

Fuel Type: Commercial Grade Cal. Phase I

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Modal Data NMHC CH4 HC CO NOX CO2 MPG
LA4 1 0.235 3.78 0.498 756 11.70
Bag 0.193 0.044 0.238 3.87 0426 748 11.82

2 min ldle grams 0.021 0.00 0.050 190
LA4 2 0.056 084 0.216 713 12.48
Bag 0.029 0.031 0.060 084 0.193 711 12.52

2 min ldle grams 0.022 0.01 0.056 188
LA4 3 0.052 0.77 0.185 709 12.56
Bag 0.028 0.030 0.058 0.79 0.160 708 12.59
LA4 4 0.068 090 0.487 730 12.19
Bag 0.036  0.035 0.071 0.92 0.430 723 12.31

2 min Idle grams 0.024 0.00 0.036 195

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 22331
Date 11/08/99
Time 9:36
Temp: 95°
Odom. 48646
I.W. 5500
AHP: 18.4

Test# 22331

P-CellFID SHED Avg Fuel Fuel Net Cum Date 11/08/99
R Defl ppm Temp Temp Target Distt. Gms Gms Time 9:36
Temp. 95°
Initial 3 5.1 5.1 95.2 953 950 ---- 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 9.0 9.0 96.3 1018 102.6 7.43 0.47 047 Distance: 29.78
2min Idle 3 9.4 94 96.3 1027 1032 --—- 0.05 0.52 Barom. 28.75
LA4 2 3 14.5 145 975 1099 1103 7.45 062 1.14 Odom. 48646
2min Idle 3 14.9 149 96.2 1107 1107 ---- 0.05 1.19 I.W. 5500
LA4 3 3 20.0 20.0 97.0 1160 116.6 7.44 062 181 AHP: 18.4
Soak 3 22.9 229 946 1163 1168 --- 036 217
LA4 4 3 26.9 269 97.0 1195 1203 7.46 047 2.64
2min Idle 3 27.4 27.4 96.4 1200 1206 --- 0.06 2.71 |Gms/mile = 0.09 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3266
R Defl ppm Temp Baro Gms Gms Date 11/08/99
e e Time 11:35
Initial 3 6.5 6.5 96.3 2887 0.00 0.00 Temp. 95°
Hour 1 3 3538 36.0 952 28.79 0.93 0.93 SHED: 16
Hour 2 3 514 516 951 28.73 0.49 1.43 RL to HLS 0:01
Hour 3 3 634 63.7 952 28.68 0.38 1.81
| Grams= 1.81 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3269
Shed PPM Avg Net Cum Date 11/09/99
IN OUT Temp Baro Gms Gms Time 9:30
Temp. 72°-96°
Initial 51 16.8 72.6 28.76 0.00 0.00 Bag Vol (in liters): Hybrid
Hour 24 47 98.2 726  28.78 5.65 5.65 SHED: 11
Soak Time: 18:55
Grams= 5.65 |




Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 003 - REPLICATE

Fuel Type: Commercial Grade Cal. Phase Il

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Modal Data NMHC CH4 HC CO NOX CO2 MPG
LA4 1 0.201 284 0.381 712 12.45
Bag 0.174 0.037 0.211 311 0.321 696 12.71

2 min ldle grams 0.018 0.02 0.052 178
LA4 2 0.055 092 0.241 729 12.21
Bag 0.038 0.028 0.066 095 0.194 720 12.37

2 min ldle grams 0.016 0.02 0.072 190
LA4 3 0.041 073 0.250 704 12.65
Bag 0.027 0.027 0.054 0.73 0.193 697 12.77
LA4 4 0.066 0.83 4.909 715 12.45
Bag 0.035 0.030 0.066 0.81 0.324 705 12.63

2 min Idle grams 0.024 0.03 0.695 192

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 22437
Date 11/30/99
Time 9:14
Temp: 95°
Odom. 48690
I.W. 5500
AHP: 18.4

Test# 22437

P-CellFID SHED Avg Fuel Fuel Net Cum Date 11/30/99
R Defl ppm Temp Temp Target Dist Gms Gms Time 9:14
Temp. 95°
Initial 3 6.7 6.7 951 95.0 950 --- 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 10.5 105 97.2 1006 102.6 7.45 0.46 0.46 Distance: 29.79
2min ldle 3 10.9 109 96.8 1015 1032 - 0.05 0.1 Barom. 28.93
LA4 2 3 16.7 16.7 98.1 1105 1103 7.44 0.70 1.21 Odom. 48690
2min ldle 3 17.2 172 97.2 1113 1107 ---- 0.06 1.28 I.W. 5500
LA4 3 3 22.9 229 983 1166 116.6 7.45 0.69 1.97 AHP: 18.4
Soak 3 26.2 26.2 94.1 1167 1168 ---- 043 240
LA4 4 3 30.7 30.7 97.9 1206 1203 7.45 053 292
2minldle 3 311 31.1 97.4 1211 1206 -- 005 2.97 |Gms/mile = 0.10
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3287
R Defl ppm Temp Baro Gms Gms Date 11/30/99
sem e e Time 11:14
Initial 3 6.4 64 916 29.25 0.00 0.00 Temp. 95°
Hour 1 3 428 430 965 29.20 117 1.17 SHED: 16
Hour 2 3 595 59.8 957 29.09 053 1.71 RL to HLS 0:02
Hour 3 3 718 721 949 29.04 0.40 2.10
| Grams= 2.10
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3290
Shed PPM Avg Net Cum Date 12/01/99
IN OUT Temp Baro Gms Gms Time 10:35
Temp. 72°-96°
Initial 3.4 7.0 724  28.75 0.00 0.00 Bag Vol (in liters): 0
Hour 24 75 729 721  28.80 419 4.19 SHED: 11
Soak Time: 20:21
Grams= 4.19




Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 004 - AS RECEIVED

Fuel Type: Commercial Grade Cal. Phase I
RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 22353

Modal Data NMHC CH4 HC CO NOX CO02 MPG Date 11/11/99
LA4 1 0.344 392 1171 895 9.88 Time 11:20
Bag 0.280 0.049 0.329 404 0.951 877 10.09 Temp: 95°
2 min ldle grams 0.015 0.07 0.010 190 Odom. 18788
LA4 2 0.058 144 0.488 856 10.40 I.W. 7000
Bag 0.029 0.027 0.057 181 0.442 843 10.55 AHP: 22.0
2 min ldle grams 0.013 0.03 0.010 191
LA4 3 0.068 228 0.359 855 10.39
Bag 0.038 0.031 0.070 3.18 0.340 845 10.50
LA4 4 0.085 242 0.656 903 9.84
Bag 0.047 0.041 0.088 310 0.591 887 10.00
2 min Idle grams 0.061 0.09 0.006 168

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 22353

P-CellFID SHED Avg Fuel Fuel Net Cum Date 11/11/99
R Defl ppm Temp Temp Target Distt. Gms Gms Time 11:20
Temp. 95°
Initial 3 4.4 44 951 943 950 ---- 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 5.2 5.2 98.0 1051 104.6 7.47 0.09 0.09 Distance: 29.77
2min Idle 3 5.3 53 97.1 1059 1053 - 0.01 o0.11 Barom. 28.78
LA4 2 3 6.0 6.0 97.0 1134 113.7 7.46 0.09 0.19 Odom. 18788
2min Idle 3 6.0 6.0 945 1142 1139 - 0.00 0.20 I.W. 7000
LA4 3 3 6.7 6.7 100.2 119.7 120.1 7.43 0.08 0.27 AHP: 22.0
Soak 3 7.0 70 96.7 1205 1204 --- 0.04 031
LA4 4 3 7.5 75 984 1226 1243 7.42 0.06 0.37
2min Idle 3 7.5 75 93.1 1237 1243 --- 001 0.38 |Gms/mile = 0.01 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3272
R Defl ppm Temp Baro Gms Gms Date 11/11/99
e e Time 13:18
Initial 3 4.4 44 915 2885 0.00 0.00 Temp. 95°
Hour 1 3 7.1 71 951 2881 0.09 0.09 SHED: 16
Hour 2 3 8.3 83 958 2879 0.04 0.12 RL to HLS 0:00
Hour 3 3 9.1 9.1 959 2879 0.03 0.15
| Grams= 0.15 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3274
Shed PPM Avg Net Cum Date 11/12/99
IN OUT Temp Baro Gms Gms Time 9:25
Temp. 72°-96°
Initial 2.8 4.4 722 28.82 0.00 0.00 Bag Vol (in liters): Hybrid
Hour 24 39 202 713 2881 0.92 0.92 SHED: 11
Soak Time: 17:07
Grams= 0.92 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 004 - 75°F REPLICATE

Fuel Type: Commercial Grade Cal. Phase I

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 22448

Modal Data NMHC CH4 HC CO NOX CO02 MPG Date 12/01/99
LA4 1 0.343 2.07 1614 860 10.33 Time 12:44
Bag 0.320 0.041 0.361 230 0.876 836 10.62 Temp: 75°
2 min ldle grams 0.000 0.04 0.035 212 Odom. 18826
LA4 2 0.022 047 0.465 788 11.32 I.W. 7000
Bag 0.014 0.020 0.034 049 0.275 772 11.55 AHP: 19.2
2 min ldle grams 0.011 0.03 0.034 211
LA4 3 0.031 059 0451 880 10.13
Bag 0.021 0.024 0.045 064 0.382 863 10.32
LA4 4 0.064 056 0.856 882 10.11
Bag 0.038 0.033 0.071 0.63 0.686 871 10.23
2 min Idle grams 0.005 0.01 0.000 209

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 22448

P-CellFID SHED Avg Fuel Fuel Net Cum Date 12/01/99
R Defl ppm Temp Temp Target Distt. Gms Gms Time 12:44
Temp. 75°
Initial 3 6.1 6.1 75.7 753 750 --- 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 6.5 6.5 77.2 845 84.6 7.46 0.05 0.05 Distance: 29.81
2min Idle 3 6.5 6.5 76.3 853 853 ---- 0.00 0.05 Barom. 28.67
LA4 2 3 7.0 7.0 83.6 939 93.7 7.45 0.05 0.10 Odom. 18826
2min Idle 3 7.0 7.0 80.8 946 939 --- 0.00 0.10 I.W. 7000
LA4 3 3 7.4 7.4 90.3 100.7 100.1 7.45 0.03 0.14 AHP: 19.2
Soak 3 7.4 74 73.0 997 1004 --- 0.03 0.17
LA4 4 3 7.6 76 865 1039 1043 7.45 0.00 0.17
2min Idle 3 7.7 7.7 873 1035 1043 --- 001 0.18 |Gms/mile = 0.01 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3291
R Defl ppm Temp Baro Gms Gms Date 12/01/99
e e Time 14:44
Initial 3 4.3 43 795 2862 0.00 0.00 Temp. 75°
Hour 1 3 6.3 6.3 80.7 28.62 0.06 0.06 SHED: 16
Hour 2 3 6.9 6.9 764 28.63 0.02 0.09 RL to HLS 0:02
Hour 3 3 7.3 73 756 28.62 0.01 0.10
| Grams= 0.10 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3292
Shed PPM Avg Net Cum Date 12/03/99
IN OUT Temp Baro Gms Gms Time 9:10
Temp. 72°-96°
Initial 4.4 6.1 725 28.65 0.00 0.00 Bag Vol (in liters): Hybrid
Hour 24 46 199 722  28.95 0.87 0.87 SHED: 11
Soak Time: 39:26
Grams= 0.87 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck
Test: Sequence Summary

Vehicle: 005
Fuel Type: Commercial Grade Cal. Phase II

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

NA

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

NA

HOT SOAK EVAPORATIVE EMISSIONS TEST

FID#16 SHED Avg Net Cum Test# 3542
R Defl ppm Temp Baro Gms Gms Date 9/18/00
e I e Time 15:34
Initial 4 2.3 6.9 974 2815 - -- Temp. 95
Hour 1 4 284 85.7 956 2811 244 244 SHED: 16
Hour 2 4 342 1032 951 28.09 054 298 RL to HLS 13:36
Hour 3 4 40.0 120.7 94.6 28.08 054 352
Grams=_3.52 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3544
Shed PPM Avg Net Cum Date 9/19/00
IN OUT Temp Baro Gms Gms Time 9:27
—————— Temp. 72°-96°
Initial 41 13.0 72.2 2850 0.00 0.00 Bag Vol (in liters): na
Hour 24 54 526.1 728 28.49 0.17 39.37 SHED: 11
Soak Time: 14:53
Grams= 39.37 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck
Test: Sequence Summary
Vehicle: 006
Fuel Type: Commercial Grade Cal. Phase II

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

NA

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

NA

HOT SOAK EVAPORATIVE EMISSIONS TEST

Shed PPM Avg Net Cum Test# 3570
IN OUT Temp Baro Gms Gms Date 10/03/00
—————— Time 14:03
Initial 35 184 89.7 28,50 0.00 0.00 Temp. 95°
Hour 1 45 14731 95.1 2849 48.34 48.34 SHED: 11
Hour 2 7.3 1906.0 956 2847 16.53 64.88
Hour 3 7.2 22126 947 2846 13.21 78.08
Grams=_78.08
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3571
Shed PPM Avg Net Cum Date 10/04/00
IN OUT Temp Baro Gms Gms Time 14:03
—————— Temp. 72°-96°
Initial 34 145 725 2852 0.00 0.00 Bag Vol (in liters): Hybrid
Hour 24 6.1 7095 725 2857 5454 5454 SHED: 11
Soak Time: 21:00
Grams= 54.54




Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 007 - AS RECEIVED
Fuel Type: Commercial Grade Cal. Phase II

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 24599

Modal Data NMHC CH4 HC CO NOX CcO2 MPG Date 7/02/01
LA4 1 7.579 133.72 4.388 962 7.46 Time 12:37
Bag 6.544 0.507 7.057 195.14 1.284 826 7.72 Temp: 95°
2 min Idle grams 1.609 3345 0.304 330 Odom. 243571
LA4 2 4973 8182 6.419 1001 7.79 I.W. 7250
Bag 3.626  0.290 3.920 83.16 1443 865 8.85 AHP: 29.4
2 min Idle grams 1.337 1225 0.383 334
LA4 3 4234 5316 6.625 1014 8.03
Bag 3.101 0.222 3325 5433 1631 853 9.40
LA4 4 5275 82.26 6.326 1001 7.78
Bag 3.971 0.304 4.279 90.93 2.055 878 8.63
2 min Idle grams 1488 31.88 0.243 329

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 24599

P-CellFID SHED Avg Fuel  Fuel Net Cum Date 7/02/01
R Defl ppm Temp Temp Target Dist. Gms Gms Time 12:37
- - Temp. 95°
Initial 3 29.3 293 958 96.4 950 - 0.00 0.00 Shed Vol: 7973.5
LA4 1 4 89.4 267.9 100.2 106.3 106.7 7.40 28.72 28.72 Distance: 29.84
2min Idle 4 945 283.2 100.3 107.0 1084 -- 184 30.55 Barom. 28.68
LA4 2 5 58.2 581.8 99.6 1154 1149 7.43 36.07 66.62 Odom. 243571
2minidle 5 60.1 600.8 989 1164 116.0 -- 2.38 69.00 I.W. 7250
LA4 3 5 82.2 8218 99.0 121.8 1189 7.49 26.66 95.66 AHP: 29.4
Soak 6 28.1 8457 945 1189 1157 - 372 99.38
LA4 4 6 31.0 933.0 98.0 1216 121.3 752 9.91 109.29
2minidle 6 31.3 9420 98.0 1221 1227 -- 1.09 110.39 |Gms/mile = 3.70 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3848
R Defl ppm Temp Baro Gms Gms Date 7/02/01
Sm e e Time 14:39
Initial 5 21 211 949 2812 0.00 0.00 Temp. 95°
Hour 1 5 485 4872 943 28.10 14.46 14.46 SHED: 16
Hour 2 5 685 6882 945 28.04 6.18 20.64 RL to HLS 0:04
Hour 3 5 826 8298 951 28.02 4.34 24.97
Grams=_24.97 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3851
Shed PPM Avg Net Cum Date 7/03/01
IN OUT Temp Baro Gms Gms Time 11:51
—————— Temp. 72°-96°
Initial 6.3 1014 719 2856 0.00 0.00 Bag Vol (in liters): 0
Hour 24 50 6443 722 28.67 38.76 38.76 SHED: 11
Soak Time: 18:12
Grams= 38.76 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 007 - AFTER REPAIR
Fuel Type: Commercial Grade Cal. Phase Il

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 24629

NMHC CH4  HC CO NOX CO02 MPG Date 7/17/01
LA4 1 Time 10:48
Bag 4772 0.391 5.168 149.20 1.303 899 7.76 Temp: 95°
Odom. 243668
LA4 2 I.W. 7250
Bag 3.361 0.216 3.579 60.60 1.514 823 9.60 AHP: 29.4
LA4 3
Bag 5286 0.306 5596 89.82 1.669 713 10.23
LA4 4
Bag 3.700 0.220 3.922 6107 2.215 898 8.87
RUNNING LOSS EVAPORATIVE EMISSIONS TEST
Test# 24629
P-CellFID SHED Avg Fuel Fuel Net Cum Date 7/17/01
R Defl ppm Temp Temp Target Dist Gms Gms Time 10:48
Temp. 95°
Initial 4 11.1 33.3 96.1 961 950 --- 0.00 0.00 Shed Vol: 7973.5
LA4 1 4 24.7 74.0 99.1 1073 106.7 7.47 490 4.90 Distance: 29.54
2minldle 4 25.6 76.7 985 1089 1084 ---- 034 5.23 Barom. 28.68
LA4 2 4 38.7 116.0 99.1 1169 1149 7.39 473 9.96 Odom. 243668
2minldle 4 39.7 1190 986 1176 116.0 ---- 037 10.34 I.W. 7250
LA4 3 4 52.2 156.4 101.9 1201 1189 7.20 4.41 1475 AHP: 29.4
Soak 4 586 1756 96.5 1182 1157 ---- 251 17.26
LA4 4 4 67.7 2029 99.8 1224 121.3 7.47 3.16 2042
2minldle 4 684 205.0 99.8 1230 1227 - 0.25 20.67 |Gms/mile = 0.70 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3882
R Defl ppm Temp Baro Gms Gms Date 7/17/01
sem e e Time 12:57
Initial 5 1.8 181 872 2852 0.00 0.00 Temp. 95°
Hour 1 5 249 2501 945 28.48 7.28 7.28 SHED: 16
Hour 2 5 334 3355 955 2844 265 9.93 RL to HLS 0:06
Hour 3 5 394 3958 951 2841 1.88 11.82
| Grams= 11.82
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3884
Shed PPM Avg Net Cum Date 7/18/01
IN OUT Temp Baro Gms Gms Time 9:11
Temp. 72°-96°
Initial 79 217 722 28.64 0.00 0.00 Bag Vol (in liters): 0
Hour 24 58 5048 720 2859 30.11 30.11 SHED: 11
Soak Time: 17:14
Grams= 30.11 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 008 - AS RECEIVED

Fuel Type: Commercial Grade Cal. Phase Il

RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 24591

Modal Data NMHC CH4 HC CO NOX CO2 MPG Date 6/29/01
LA4 1 4.030 105.52 3.453 1029 7.39 Time 13:13
Bag 3.048 0.278 3.329 116.52 1.267 893 8.21 Temp: 95°
2 min ldle grams 0.612 6.95 0.028 169 Odom. 151107
LA4 2 3.036 74.02 3.778 1005 7.89 I.W. 6875
Bag 2288 0.173 2.462 8049 1.313 875 8.84 AHP: 26.2
2 min Idle grams 0.855 539 0.028 163
LA4 3 3.208 73.13 3.737 996 7.96
Bag 2438 0.174 2.614 83.06 1.414 874 8.81
LA4 4 3.450 7825 3.438 987 7.96
Bag 2672 0.186 2.861 87.01 1.691 842 9.03
2 min Idle grams 1.062 6.49 0.036 172

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 24591

P-CellFID SHED Avg Fuel Fuel Net Cum Date 6/29/01
R Defl ppm Temp Temp Target Dist Gms Gms Time 13:13
Temp. 95°
Initial 3 6.1 6.1 95.7 96.3 950 --- 0.00 0.00 Shed Vol: 7973.5
LA4 1 4 490 146.8 995 1039 102.7 7.45 16.99 16.99 Distance: 29.81
2minldle 5 16.3 163.3 98.6 104.1 103.7 --- 2.02 19.01 Barom. 28.71
LA4 2 5 269 2689 100.0 1115 109.1 7.45 12.69 31.70 Odom. 151107
2minldle 5 279 2789 99.0 1111 109.7 ---- 127 3297 I.W. 6875
LA4 3 5 330 3299 999 1142 1126 7.44 6.10 39.07 AHP: 26.2
Soak 5 435 4349 950 1117 1112 ---- 13.13 5220
LA4 4 5 454 4539 96.2 1179 1136 7.48 2.19 54.39
2minlidle 5 455 4549 954 1182 1134 - 020 5459 |Gms/mile = 1.83 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3841
R Defl ppm Temp Baro Gms Gms Date 6/29/01
sem e e Time 15:16
Initial 5 4.0 40.2 90.0 28.22 0.00 0.00 Temp. 95°
Hour 1 5 493 4953 950 2815 14.11 14.11 SHED: 16
Hour 2 5 537 5395 955 2812 1.34 15.45 RL to HLS 0:05
Hour 3 5 56.0 562.6 955 28.15 0.73 16.18
| Grams= 16.18
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3843
Shed PPM Avg Net Cum Date 6/30/01
IN OUT Temp Baro Gms Gms Time 9:39
Temp. 72°-96°
Initial 6.1 36.5 722 28.60 0.00 0.00 Bag Vol (in liters): 0
Hour 24 6.9 5620 719 2859 4335 43.35 SHED: 11
Soak Time: 15:23
Grams= 43.35 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 008 - AFTER REPAIR

Fuel Type: Commercial Grade Cal. Phase I
RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 24634

Modal Data NMHC CH4 HC CO NOX CO2 MPG Date 7/18/01
LA4 1 Time 11:20
Bag 4.441 0.287 4.732 124.87 1.286 1049 7.08 Temp: 95°
Odom. 151145
LA4 2 I.W. 6875
Bag 3.755 0.164 3.920 77.47 1.544 1056 7.49 AHP: 26.2
LA4 3
Bag 2922 0.194 3.117 9351 1474 970 7.92
LA4 4
Bag 3.148 0.198 3.349 96.18 1.798 827 9.03
RUNNING LOSS EVAPORATIVE EMISSIONS TEST
Test# 24634
P-CellFID SHED Avg Fuel Fuel Net Cum Date 7/18/01
R Defl ppm Temp Temp Target Distt. Gms Gms Time 11:20
Temp. 95°
Initial 3 6.9 6.9 953 96.6 950 ---- 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 22.5 225 97.2 1107 102.7 7.40 189 1.89 Distance: 29.60
2min Idle 3 23.3 23.3 986 109.0 1037 ---- 0.09 1.98 Barom. 28.78
LA4 2 3 38.1 38.1 101.2 1159 109.1 7.34 177 3.75 Odom. 151145
2min Idle 3 38.7 38.7 985 1147 109.7 ---- 0.09 3.85 I.W. 6875
LA4 3 3 49.7 49.7 100.8 1165 1126 7.41 131 5.16 AHP: 26.2
Soak 3 64.5 64.4 959 1135 1112 ---- 185 7.01
LA4 4 3 75.9 75.8 99.6 1135 1136 7.45 133 8.34
2min Idle 3 78.4 783 96.4 1113 1134 -- 036 8.69 |Gms/mile = 0.29 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3887
R Defl ppm Temp Baro Gms Gms Date 7/18/01
e e Time 13:24
Initial 4 3.8 115 837 28.44 0.00 0.00 Temp. 95°
Hour 1 4 358 108.0 957 28.37 3.01 3.01 SHED: 16
Hour 2 4 526 1587 955 28.30 157 4.58 RL to HLS 0:06
Hour 3 4 635 1916 952 2825 1.02 5.60
| Grams= 5.60 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3888
Shed PPM Avg Net Cum Date 7/19/01
IN OUT Temp Baro Gms Gms Time 9:53
Temp. 72°-96°
Initial 9.1 130 72.0 28.59 0.00 0.00 Bag Vol (in liters): 0
Hour 24 145 1643 719 2861 10.14 10.14 SHED: 11
Soak Time: 17:29
Grams= 10.14 |
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Appendix 4 - Detailed Test Results

Heavy-Duty Gasoline Truck

Test: Sequence Summary
Vehicle: 009

Fuel Type: Commercial Grade Cal. Phase II
RUNNING LOSS EXHAUST EMISSIONS TEST (Grams/mile)

Test# 24686

Modal Data NMHC CH4 HC CO NOX CcO2 MPG Date 8/07/01
LA4 1 Time 11:48
Bag 0.572 0.120 0.693 16.40 1.090 801 10.76 Temp: 95°
2 min Idle grams 0.076 0.03 0.161 324 Odom. 126290
LA4 2 0.401 7.12 3181 879 10.01 I.W. 4500
Bag 0.257 0.070 0.328 557 1225 748 11.78 AHP: 11.9
2 min Idle grams 0.087 0.11 0.142 320
LA4 3 0.407 7.10 3.093 931 9.46
Bag 0.280 0.067 0.348 5.61 1374 821 10.74
LA4 4
Bag 0.397 0.074 0.472 731 1677 774 11.33
2 min Idle grams 0.080 0.09 0.140 338

RUNNING LOSS EVAPORATIVE EMISSIONS TEST

Test# 24686

P-CellFID SHED Avg Fuel  Fuel Net Cum Date 8/07/01
R Defl ppm Temp Temp Target Dist. Gms Gms Time 12:04
- - Temp. 95°
Initial 3 11.8 11.8 955 96.6 950 - 0.00 0.00 Shed Vol: 7973.5
LA4 1 3 42.0 42.0 100.2 109.8 1064 748 361 361 Distance: 29.91
2min Idle 3 53.8 53.7 100.0 110.7 1059 --- 142 503 Barom. 28.60
LA4 2 3 81.1 81.0 99.2 116.8 1145 749 329 832 Odom. 126290
2min Idle 4 29.7 89.0 100.0 1175 1132 - 094 9.27 I.W. 4500
LA4 3 4 41.3 1238 97.1 1212 119.1 745 425 1352 AHP: 11.9
Soak 4 540 1618 96.1 1176 1151 - 463 1815
LA4 4 4 64.4 193.0 100.1 1235 1199 750 3.60 21.76
2min Idle 4 68.6 205.6 101.1 121.9 117.7 - 147 23.23 |Gms/mile = 0.78 |
HOT SOAK EVAPORATIVE EMISSIONS TEST
FID#16 SHED Avg Net Cum Test# 3937
R Defl ppm Temp Baro Gms Gms Date 8/07/01
Sm e e Time 14:08
Initial 3 146.7 1474 88.1 28.32 0.00 0.00 Temp. 95°
Hour 1 4 69.0 2082 958 28.30 183 1.83 SHED: 16
Hour 2 4 893 2695 949 28.38 195 3.77 RL to HLS 0:06
Hour 3 4 919 2773 955 2842 0.25 4.02
Grams=_4.02 |
DIURNAL EVAPORATIVE EMISSIONS TEST
Test# 3939
Shed PPM Avg Net Cum Date 8/08/01
IN OUT Temp Baro Gms Gms Time 13:38
—————— Temp. 72°-96°
Initial 79 338 75.1 28.65 0.00 0.00 Bag Vol (in liters): 0
Hour 24 87 2208 723 28.67 1581 1581 SHED: 11
Soak Time: 20:30
Grams= 15.81 |
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